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An analysis of glomerular dynamics in rat, dog, and man. A network
thermodynamic model was utilized to assess similarities and dissimilari-
ties in the predicted response of human, rat, and dog glomeruli to
change in the independent variables regulating glomerular filtration.
The analysis in rat and dog employed basal values reported in the
micropuncture literature. The analysis in man was based on a calculated
total nephron vascular resistance (RT) of 1.2 x lO'° dyne sec cm with
a range of pre- (RA) and postglomerular (RE) resistances and capillary
hydraulic conductivities (Kf) that would provide a nephron blood flow
(GBF) of --550 ni/mm and single nephron filtration rate (SNGFR) of
—65 nI/mm. The maximal putative value for RA/RF in man was - 1.1, a
ratio demanding a Kf >20 ni/mm mm Hg to obtain the required
SNGFR, Solitary changes in RA and RE, glomerular capillary resist-
ance, proximal tubule pressure, serum protein concentration, total
vascular resistance, and Kf were induced and the resultant effect on
SNGFR was examined in the three species. The relationship between
changes in individual resistances, glomerular blood flow, glomerular
filtration, and glomerular capillary pressure also was assessed. The
patterns of response in man and dog, determined by the model, were
remarkably similar and distinct from those of the rat in many regards.
Except when the maximal possible RA/RE ratio is assumed for man,
filtration pressure equilibrium was not found; plasma flow dependence
of SNGFR was not evident in rat, dog, or man. The differences in
SNGFR control predicted for the rat, on the one hand, and dog and man
on the other may have distinct physiologic significance.
Une analyse de Ia dynamique glomerulaire chez le rat, le chien, et
l'homme. Un modèle thermodynamique en réseau a été utilisé pour
préciser les similitudes et les differences de reponses prévisibles de
giomérules d'homme, de rat et de chien a des modifications des
variables independantes régulant Ia filtration glomerulaire. L'analyse
chez Ic rat et Ic chien a utilisC les valeurs de base rapportées dans les
etudes par microponction de Ia littérature. L'analyse chez l'homme
Ctait fondCe sur une résistance vasculaire nephronique totale calculde
(RT) de 1,2 x I0'°>< dyne sec cm, avec unc série de resistances pré
(RA) et postglomCrulaires (RE) et de conductivitC hydraulique capillaire
(Kf) donnant un debit sanguin nCphronique (GBF) dc —550 ni/mn et une
filtration nephronique individuelle (SNGFR) de —65 nI/mn. La valeur
maximale supposCe de RA/RE chez i'homme Ctait de —-Il, un rapport
impliquant un Kf supCrieur a 20 nI/mn mm Hg pour obtenir La SNGFR
prévue. Des modifications isolCes de RA et RE, de Ia résistance
eapillaire giomerulaire, de Ia pression tubulaire proximate, de Ia con-
centration protéique sCrique, de La résistance vasculaire totale et de Kf
ant été induites, et l'effet en resultant sur SNGFR a etC examine dans
les trois espèces. La relation existant entre Ics modifications des
resistances individuelles, Ic debit sanguin glomerulaire, La filtration
glomerulaire et La pression capillaire ont Cgalement etC déterminCes.
Les types de réponse chez l'homme et Ic chien déterminCs par le
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modèle étaient remarquablement identiques, et étaient distincts sur de
nombreux points de ceux obtenus chez Ic rat. Excepté lorsque Ic
maximum possible du rapport RA/RE a Cté rostulé chez L'homme, ii na
pas etC trouvé d'equihbre de Ia pression de filtration; Ia dépendance de
SNGFR a l'Cgard du debit plasmatique n'Ctait pas évidente chez le rat.
le chien, ni I'homme. Lcs differences previsibles du contrôie de SNGFR
chez le rat, d'une part, chez Ic chien et l'homme, d'autre part,
pourraient avoir une signification physioiogique distincte.
Present views on the control of glomerular filtration have
been enriched by information obtained in renal micropuncture
studies performed on rats and dogs in the past decade. Various
theoretical models of glomerular dynamics have aided in the
interpretation and analysis of such studies [1—7]. While the
normal rat and dog display quite comparable values for arterial
blood pressure, plasma protein concentration, and systemic
hematocrit, they reportedly show distinct differences in their
total nephron vascular resistance and pre- to postglomerular
resistance ratio (Table 1). Similar glomerular capillary hydraulic
conductivity values have been found in the two species [8], but
some studies have suggested that hydraulic conductivity in the
rat is considerably lower [9—Il]. Values for glomerular capillary
pressure, nephron blood flow and single nephron filtration rate
have been found quite dissimilar in most studies on the two
species (Table 1). Theoretically, at least, such differences might
lead to somewhat disparate responses in SNGFR when physio-
logic or experimentally induced changes in the independent
variables controlling filtration are introduced, It is unknown at
present whether the basal dynamic values of the human glomer-
ulus more closely resemble those of the rat or the dog. Here,
applying modeling techniques, we detail predicted differences
in glomerular dynamic responses between the lower species and
examine the response that might be predicted for the human
glomerulus.
Methods
Our approach has employed network thermodynamic theory
and a circuit simulation computer program (SPICE 2) to accom-
modate the complex interrelationships between the various
parameters regulating glomerular dynamics [6]. A detailed
description of the model, its inherent assumptions, and a
systematic analysis of glomerular dynamics using data pub-
lished for the normal hydropenic Munich-Wistar rat have been
presented previously [61. In essence, the independent determi-
nants of glomerular filtration [arterial blood pressure (MAP),
serum protein concentration (PROTA), systemic hematocrit
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Table 1. Reported values or derived values for glomerular dynamics in rat, dog, and man
(HctA), hydraulic conductivity (Kf), pre- (RA) and postglomeru-
lar resistances (RF), and glomerular capillary resistance (Reap)]
are entered; the model provides values for glomerular blood
flow (GBFA) and single nephron filtration rate (SNGFR) while
recording the profile of change in glomerular capillary hydro-
static pressure (P5), colloid oncotic pressure (COP), and net
filtration pressure along the capillary's length. P may be
considered as either an independent or a dependent variable at
will (see below). In this analysis we have used values in the
primary data input for RA, RF, PROTA, Kf, HctA. Pt, and MAP
which are representative of those values reported in the micro-
puncture studies of various laboratories for normal hydropenic,
volume-expanded, and euvolemic Munich-Wistar rats [9, 12,
13] and for the studies of Osswald et al [141 and Navar et al [15]
performed on the dog (see Table I). The effect of change in
these determinants on glomerular function, taken singly or in
concert, was then assessed as previously described [6].
In the Munich-Wistar rat, Myers et al [12], Ichikawa, Miele,
and Brenner [13] and Blantz [16] have found net filtration
pressure at the most distal end of the glomerular capillary
network to be consistently at or near zero, with Pg values of 42
to 50 mm Hg. Some investigators [9—Il], however, have found
significantly higher glomerular capillary pressures and distinct
efferent pressure disequilibrium in Munich-Wistar and other rat
strains under hydropenic and euvolemic conditions alike. We
have considered these contrasting reports in our treatment,
therefore, and have performed our analyses using data repre-
sentative of the spectrum of published results for the rat (Table
1).
The studies of Osswald et al [14] and Navaret al [15] on dogs
were performed under different experimental conditions; ex-
periments of the latter group were performed routinely with the
animals at an induced arterial blood pressure of 80 to 90 mm Hg.
Using our model to find individual resistance values for dogs
which will permit Pg, SNGFR, and GPFA to remain at reported
values when blood pressure ranges from 88 mm Hg [151 to a
normal value of 120 mm Hg, adequate fit of data was obtained
only when RA and R were assigned values comparable to (but
somewhat higher than) those of normotensive dogs reported by
Osswald et al [141, RA being slightly higher than RE and both
values being far lower than most reported for the rat (Table 1).
Our extrapolation, assuming perfect autoregulation as it does,
may be overly optimistic, but the values reported by the two
laboratories were found to provide virtually identical responses
when the independent determinants of GFR were allowed to
change. Thus, for ease of illustration, only the analysis obtained
with data published for normotensive dogs [14] is presented for
comparison with the normotensive rat and man.
While values for individual nephron vascular resistances and
hydraulic conductivity for man have been estimated from static
models by earlier investigators [17—19], direct measurement of
these parameters is not presently possible. Assuming the exis-
tence of 106 nephrons per kidney [20], a whole single kidney
GFR of 60 to 65 ml/min [21], a hematocrit of 44 ml/dl blood, and
a filtration fraction of 0.2 [21], however, mean single nephron
GFR can be estimated at 60 to 65 nI/mm and GBFA at
approximately 550 ni/mm. With a mean arterial blood pressure
and renal venous pressure of 92 and 6mm Hg [22], respectively,
the approximate total vascular resistance/nephron (Rr) is calcu-
lated to be 1.2 >< 1010 dyne sec cm . Because individual values
for pre- and postglomerular resistances and for hydraulic con-
ductivity are unknown, we have assumed basal values for
glomerular dynamics in man at various RA/RE ratios and
hydraulic conductivities which, with a total nephron vascular
resistance of 1.2 x 1010 dyne sec cm , will provide the
required values for SNGFR and glomerular blood flow. Kf was
varied from 0.25 to 50 nI/mm mm Hg. We assume PROTA in
man to be 6.4 g/dl, Pt 15 mm Hg [22] and, for the most part, we
Rat
MAP Pg Pt
— SNGFR
K1
ni/mm
mm Hg ni/,nin mm Hg
RT RA R.'
dyne sec crn xJO'° RA/RL
GPFA PROTA
ni/mm gIdi
Hydropenia 116 44 II 30.4 5 6.1 3.6 2.5 1.44 81 5.2 12
Expansion' 118 51 14.1 46.5 5.8 4.3 2.2 1.7 1.29 142 5.7 13
Euvolemid' 122 55 12.5 33 2.2 6.2 3.1 3.1 1.00 100 5.7 9
Dog
Hydropenia 121 60 20.8 75 4.25 2.1 1.0 1.1 0.91 263 5.0 14
Hypotension 88 59 20.7 60 3.39 2.4 0.8 1.6 0.33 207 5.6 IS
Normotensionc 120 59 60 2.8 1.4 1.4 1.00 210
(derived)
Reference
Man
Derived 92 d 15 60 to 65 " 1.2 " ' 300 to 325 6.4
Abbreviations are: MAP, mean arterial blood pressure; Pg, mean glomerular capillary pressure; P, proximal tubule pressure; Kf, hydraulic
conductivity; RT, RA, and R, total, pre-, and postglomerular resistances, respectively; GPFA, afferent glomerular plasma flow; PROTA, systemic
plasma protein concentration.
RE includes estimated resistance distal to the efferent arteriole.
The terms "expansion" and "euvolemia" are used to identify different study groups here and in the text. They do not necessarily reflect major
differences in volume status.
RA and Rh values adjusted to obtain SNGFR, Pg, and GPFA values as in Ref. 15 at a normal mean blood pressure of 120 mm Hg, assuming per-
fect autoregulation. P, K1, HctA, PROTA values as in Ref. 15. The values for RA and RE, computed with the model, present a unique solution for
the required values of SNGFR, Pg and GPFA.
d See Results.
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Fig. 1. Single nephron glomerular filtrate rate (SNGFR) in man as
determined by the pre- to postglomerular resistance ratio (RAIRE) and
capillary hydraulic conductivity (Kf) total nephron vascular resistance
being held constant at 1.2 x /010 dyne sec cmt. The MAP. PROTA,
HCtA, P1 values used are given in Table 1. A normal SNGFR is depicted
by the clashed line. This filtration rate in man is found tobeattainable at
RA/RE ratios ranging up to 0.2 to 1.07, the latter requiring a rather high
Kfof 20 nI/mm mm Hg. Values for Pg at the various RA/RE ratios are
shown at the top of the figure. An RA/RE ratio of 0.3 or below provides
what is seemingly an excessively high value for Pg of some 70 mm Hg.
have used a value of Reap which causes an insignificant axial
pressure drop along the capillary (l0 dyne sec cm5), as has
been reported for the rat [1]. All preglomerular resistances are
combined as RA, and all resistances distal to the glomerular
capillary are termed R in man.
In this analysis, colloid oncotic pressure (COl') was related to
serum protein concentration according to the equation COP =
2.lc + O.16c2 + 0.009c3 where c is serum protein concentration
(g/dl), as described by Landis and Pappenheimer [23], for an
assumed albumin to globulin ratio of 1:1. This equation is
generally considered applicable for the rat and human; the slight
variation described for the dog [24] and in certain studies on the
rat [25] is found to have only trivial consequences for our
analysis. Thus, the Landis and Pappenheimer equation is
applied here for all three species.
Proximal tubule pressure is a determinant of, and is itself
partly determined by, SNGFR. Huss, Marsh, and Kalaba [5]
have suggested the equation P1 7.5 + 0.131 SNGFR to
describe the change in P1 resulting from SNGFR change in the
rat. The stoichiometry between P1 and SNGFR for man and dog
is unknown. Arbitrarily assuming a minimal proximal tubule
pressure of 10 mm Hg in the total absence of filtration and a
linear relationship between P1 and SNGFR as described by
Huss, Marsh, and Kalaba [5], we obtained the empirical equa-
tions: P d = 10 + 0.143 SNGFR and P man 10 + 0.077
SNGFR. Analyses were performed either keeping Pt fixed at
11, 15, or 20.8 mm Hg for rat, man, and dog, respectively (Table
I), or substituting the above empirical equations relating
SNGFR and P1 for these fixed P1 values. As found previously
for the rat [6], the pattern of change in SNGFR of man and dog
with variation in the independent variables was essentially the
same whether or not fixed or variable values of P1 were
assumed.
K1, nI/mm mm Hg
Fig. 2. SNGFR as afunction ofKf at dIfferent R..1/R ratios in man. The
effect of Kf on filtration is most pronounced at the lower RA/RE values.
Extrapolating the abscissa beyond a Kf of 20 nI/mm mm Hg, it may be
seen that the required SNGFR (dashed bile) for man is not obtainable
with RA/RE ratios much above 1.0 regardless of the Kf value assumed.
Results
As shown in Figures 1 and 2, the model indicates that
SNGFR in man will fail to reach 65 nI/mm at any RA/RE ratio
>1.07, RA/RE ratios  1 requiring a Kf at or above 20 ni/mm
mm Hg (vs. 2.2 to 5 nI/mm mm Hg reported for the rat [7, 9, 16]
and 4 to 5 nI/mm mm Hg for dog [14, 15]). With the constant
parameters assumed (as shown in Table 1) and a Kf of even 50 nIl
mm mm Hg, we find that the RA/RE ratio in man cannot exceed
1.1 if SNGFR is to reach or exceed 60 nI/mm. An RA/RE ratio of
0.3 presupposes a Kf of some 2 nI/mm mm Hg (higher Kf's
providing a SNGFR > 65 nI/mm), while ratios of -0.6 and --0.9
imply Kf values of 4 and 8 nI/mm mm Hg, respectively. These
data indicate that the maximal putative RA/Re ratio for man is
far lower than the usual values published for the rat [7, 9, 11—13,
16] and is comparable to the measured value (approximately 1)
for the dog. There is no reason to prefer this maximal value for
man over lower RA/RF' ratios, however, and the ratio in the
human kidney would have to be greatly lower than that of the
dog if the Kf's of the two species are to be considered
comparable. The actual value for Kf in man is, of course,
unknown. Glomerular capillary pressures corresponding to the
range of RA/RF ratios examined are shown in Figure 1 and may
be compared with the published values for rat and dog shown in
Table 1.
Figure 2 illustrates the predicted effect of Kf change on
SNGFR in man at various assumed RA/RE ratios. It may be
seen that SNGFR in humans is highly sensitive to small changes
in Kf, up or downward, at all RAIRF ratios between 0.3 and 1.
The degree of sensitivity to Kf change is least at the higher RAI
RE ratios (and thus the lowest values for Pg), as would be
expected intuitively.
Figure 3 shows the axial change in net filtration pressure (P)
derived by the model for man as well as for dogs and for rats
near to [121 and far from [9] filtration pressure equilibrium. The
net pressure profile in man is effectively linear at all RA/RE
ratios below 1, because there is a very substantial net residual
Pq, mm Hg, at SNGFR = 65 nI/rn/n
40
30
z
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 0 2 4 6 8 10 12 14 16 18 20
Fig. 3. The filtration pressure profile for hy-
dropenic [12], volume-expanded [13] and eu-
volemic [9] rats, for dog [14], and for man us-
ing assumed basal parameters in Table 1 The
graph for man here assumes RA/RE = 1.0, Kf
10 nI/mm mm Hg, Pt 15 mm Hg. The axial
change in net effective filtration pressure in
the euvolemic rat, dog, and man is linear and
a substantial net filtration pressure remains at
the exit of the glomerulus. The relationship is
quite different using the input for the hydro-
penic and volume-expanded rat although, even
here, full filtration pressure equilibrium is not
obtained.
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filtration pressure at the capillary's end. Wide departure from
filtration equilibrium has been reported for the dog [14, 151 and,
in some studies [9—111, the rat. The linear change in zP
determined for the dog by White and Navar [4] with their own
model and Arendshorst and Gottschalk [9] for euvolemic rats
(using the model of Deen, Robertson, and Brenner [1]) are
confirmed here. The change in P determined for both the
euhydric and hydropenic rat, calculated from the data of Myers
et al [12] and Ichikawa, Miele, and Brenner [13] by contrast, is
found to be curvilinear and a small residual net filtration
pressure remains at the capillary's terminus. Thus, according to
the model, filtration occurs along the entire capillary's length in
all three species.
Figures 4 and 5 illustrate the predicted effect of isolated
changes in RA, RE, RT, and P in man. In each instance, MAP,
Kf, PROTA, Rcap and HCtA are held constant. The basal
conditions used were those in which the individual resistance
values, RA/RE ratio and Kf, taken in concert, were shown to be
compatible with the required SNGFR ——65 nI/mm and GBF
—550 nI/mm. Each independent determinant studied was raised
or lowered about its basal value while the others were kept
unchanged. An extreme degree of change in these determinants
is covered in our analysis although it seems unlikely that such
marked departures would be encountered in the day-to-day
control of glomerular filtration. Pronounced alterations might
be induced experimentally or result from pathologic states,
however, and thus are illustrated here. It may be seen in Figure
4A that solitary minor changes in preglomerular resistance
(RA) in man will have marked effects on SNGFR regardless of
the assumed basal values for RE and Kf. As would be expected,
the effect of RA is somewhat more marked with the lowest
assumed basal value for RE. and thus the highest basal values
for RA and Kf. An isolated increase in postglomerular resist-
ance (Fig. 4B) results in a significant but limited rise in SNGFR
above the basal value of —65 nI/mm under all assumed constant
basal values for RA and Kf. It may be noted that, with a fixed
RA value of 6.2 x l0 dyne sec cmt or above, SNGFR falls as
RE is raised above 1010 dyne sec cmt. With lower assumed RA
values, this fall occurs at a somewhat higher value for RE. At all
possible basal RA/RE ratios, a decrease in RE is found to cause a
precipitous decrease in SNGFR, again most acutely with the
higher assumed basal RA and Kf values. Change in total
glomerular resistance (and thus GBF) with RA/RE and Kf
constant has a distinct effect on SNGFR which, too, is more
pronounced at the higher assumed RA/RE ratios (Fig. 5A). The
effect of perturbations in P1 on SNGFR in man (Fig. SB),
derived from the model, again is shown to be marked and most
notable with the higher assumed RA/RE ratios.
Figure 6 compares the effect of solitary change in RA, RE, RT
with RA/RE constant, Kf, P or PROTA on SNGFR of the rat,
dog and man, as predicted by the model. Although Figures 4
and 5 show significant variation in the SNGFR response to
parameter changes at different RA/RE ratios and Kf values in
man, it may be noted that the individual curves for a given
perturbation are qualitatively quite similar. Placed on a much
more compact abscissa scale comparable to that of Figure 6, the
differences in curves actually are barely discernible. Thus,
while the curves for the human glomerulus shown in this figure
for comparison with rat and dog were derived with an assumed
RA/RE ratio of 0.66 and a Kf of 6 nl/min mm Hg, they are
reasonably representative of any curve throughout the RA/RE
range of 0.3 to 1. Nowhere do the curves even approximate
those of the rat. On the other hand, the three patterns of GFR
response shown for rats are remarkably similar to one another
despite their differing input parameter values (Table 1). In
general, the patterns of response shown by the dog and human
glomeruli also are very comparable despite major differences in
RT, PROTA, P, and MAP in the two species. The rat glomeru-
lus displays a quite disparate pattern. With allowance for the
higher basal SNGFR in dog and man, a difference between the
species is least evident with concomitant equal changes in RA
and RE (Figs. 5A and 6B); it is most notable with changes in RE
(Figs. 4B and 6C) and Kf (Figs. 2 and 6E) whose effect on
filtration rate in the rat (both at and away from filtration
Rat
70
— Volume-expanded
Hydropenic
Euvolemic
Dog + Man
Pq
E
E
U,
a)0 121 mm HgBP88mmHg Dog
Man
0
Fractional capillary length
0 0.2 0.4 0.6 0.8 1.0
/5.
EtA K1
dyne sec cm—5 X 1010 n//rn/n mm Hg
0.48 3ii 0.53 6f 0.58 10 —I 0.62 20
0 0.25 0.50 0.75 1.0 1.25 1.50
Postglomerular resistance, dyne sec cm—5 X 1010
Fig. 4. The relationship of SNGFR in man to: A preglomerular
resistance at various constant RE and Kf values, and B postglomerular
resistance with different constant values forRA and Kf. P is 15mm 1-1g.
A constant RT of 1.2 x 1010 dyne sec cm was partitioned into the RA!
R ratios shown. These curves were generated by first finding the basal
value for Kf at each RA/RE ratio that would provide a normal SNGFR,
as in Figure 1. Either RE (Fig. 4A) or RA (Fig. 4B) was then increased
and decreased from its basal value while the complimentary resistance
and Kf were held constant. Quite similar curves were obtained with the
different assumed basal resistance ratios when either RA or R was
manipulated within the range of RA/RE examined.
20
0.67
0.76
0.94
RA E
dyne sec cm X
0.56 0.64
0.52 0.68
0.45 0.74
0 4 8 12 16 20 24 28 32 36
Proximal tubule pressure, mm Hg
Fig. 5. The relationship of SNGFR in man to: A change in total nephron
vascular resistance obtained by equal and concordant changes in RA
and R around representative basal values. Thus, RA/RE ratios were
held constant at 0.67, 0.76, and 0.94 while RT was raised or lowered
from its basal value of 1.2 x 1010 dyne sec cm '. B Change in P, holding
RAIR,. and Kf values at the representative values shown. The data base
used is given in Table I. The curves obtained with the different basal
conditions were quite comparable.
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equilibrium) differs both qualitatively and quantitatively from
that predicted for man and the dog. It may be seen that a
selective increase in a hydropenic or euhydric rat's hydraulic
conductivity above an assigned normal value of 5 nI/mm mm Hg
has almost no effect on glomerular filtration, as noted earlier [6,
261, and that decreasing its value by one-half still has quite
minor ellects (SNGFR falls by some 10%). Assuming a basal
value for Kf of approximately 2 nI/mm mm Hg as reported by
Arendshorst and Gottschalk [91 and Kallskog et al [II], howev-
er, increases in Kf would be expected to have a small hut
distinct effect in rats (Fig. 6E). In man and the dog, by contrast,
increase or decrease in glomerular capillary hydraulic conduc-
tivity is found to produce a very substantial change in SNGFR
(Fig. 6E). The SNGFR response to an isolated adjustment of
postg!omcrular resistance also seems very different in the rat
(Fig. 6C). Applying the data of Myers et al [12], increasing R
by as much as 50% from a reported baseline value of 2 X 1010
dyne sec cm causes SNGFR to risc by a mere 3.2 nI/mm and,
although intuition might argue to the contrary, a further in-
crease in resistance causes SNGFR to plateau and then actually
fall. A similar pattern is found with the basal data of Arend-
shorst and Gottschalk [9]; SNGFR rises slightly to a peak value
as R increases and then declines very slowly. In man and the
dog, filtration rates would appear to be highly sensitive to
efferent arteriolar change in either direction (Fig. 6C). In both,
efferent arteriolar resistance can effectively double before a
plateau in SNGFR is reached at a level considerably higher than
control. A fall in RE markedly reduces and ultimately abolishes
SNGFR in all species, although the rat exhibits a less precipi-
tous SNGFR drop as R is reduced below control.
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Fig. 6. The relationship between SNGFR and
preglomerular resistance (A), total resistance
at constant RA/RE ratio (B), postglomerular
resistance (C), proximal tubule pressure (D),
hydraulic conductivity (E), and serum protein
concentration (F) in rat, dog and man. Rats
A, B, and C represent hydropenic [121, vol-
ume-expanded [131, and euhydric rats [9], re-
spectively. Basal values for man in this figure
used an RA/RE ratio of 0.67 and a Kf of 6 nI/
mm mm Hg but, at this scale, RA/RE ratios of
0.3 to I provide almost identical curves. Ar-
rows show published basal values. Basal val-
ues for each parameter used are shown in
Table 1.
0.5 10 1.5 2.0
Relative resistance
Figure 7 shows the predicted relationships between SNGFR
and glomerular blood flow change induced by isolated changes
in RA (Fig. 7A) and RE (Fig. 7B). It may be noted that an
essentially linear relationship with comparable slopes holds for
all species when blood flow changes as a result of change in RA.
The individual slopes for hydropenic [12] and euvolemic [9] rats
and those found with different assumed RA/RE ratios for man
differ little from one another. Modulation of blood flow by
adjustment of RE in the rat glomerulus produces a very different
pattern of response from those of the dog and man, however
(Fig. 6).
Modifying GBF by solitary changes in RA or RE produces
concomitant changes in glomerular capillary hydrostatic pres-
sure shown in Figure 8. It may be noted that Pg changes linearly
with blood flow in all three species as either RA or RE is
adjusted. Pg and SNGFR vary directly when R, is raised or
lowered from the basal value (compare with Fig. 8), but the
linear change in Pg due to modulation of RE is inverse and
associated with a complex nonlinear pattern of change in
SNGFR, that in the rat is strikingly different from the others
(Fig. 6B).
The relationships shown in Figures 1 to 8 were derived
assuming a low glomerular capillary resistance (<l0 dyne sec
cm5) and thus a negligible axial pressure drop along the
capillary's length, as is accepted currently [I]. The model
shows that an assumed Rcap of 2 >< l0 dyne sec cm5 will
produce a fall in capillary hydraulic pressure between the
afferent and efferent ends of the capillary of some 4 mm Hg in
the rat. Man and dog, having a far lower total nephron vascular
resistance, experience a 4 mm Hg axial pressure drop with
considerably lower Reap values of 6.5 x io and 6.0 x iO dyne
sec cm5, respectively. Figure 9 shows the effect of isolated
change in glomerular capillary resistance on SNGFR of rat,
dog, and man as determined by the model. SNGFR in the dog
does not fall significantly until Reap increases to >1 o dyne sec
cm5; GBF is rather more sensitive to change in Rcap. The
pattern for man is quite similar to that of the dog at all RA/RE
ratios between 0.3 and 1.0; the different ratios provide parallel
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Fig. 7. The relationship of SNGFR to GBF
following isolated change in: A: preglomeru-
lar, or B postglomerular resistance in rat, dog
and man. Rat A is hydropenic [12]; rat B is
euvolemic [9]. A normal RT in man of 1.2 x
lOin dyne sec cm5 is partitioned to provide
the initial RA and RE values shown in insets.
Either RA or RE is changed in all three species
holding the other determinants constant at
their basal values. SNGFR changes directly
with GBFA as RA is manipulated but relates
inversely to GBFA over much of the change inR.
Glomerular blood flow, ni/mm
Fig. 8. The relationship between hydrostatic
pressure [PS] and glomerular blood flow
[GBF...j produced by isolated change in RA (A)
or RF (B) in rat, dog, and man. In man, repre-
sentative basal RA/RE ratios with their appro-
priate Kf values are used, all with RT and oth-
er parameters fixed at the values shown in Ta-
ble 1. It is seen that a direct relationship exists
between GBFA and P with change in RA, a
fall in RA increasing GBFA by its effect on R1
while raising SNGFR through its effect on Pg.
Glomerular blood flow, n//rn/n
curves (not shown) with an inflection point of steep decline in
SNGFR and GBF at 1.2 x iO dyne sec cm5. There is an axial
capillary pressure drop in both species of some 28 mm Hg at an
Reap of 6 x iø dyne sec cm5. In the hydropenic rat, both GBF
and SNGFR are seen to be essentially constant with assigned
Reap values up to 5 x i09 dyne sec cm5. SNGFR remains at
about 50% of its basal value when Reap is increased to 5 x 1010
dyne sec cm5, a resistance comparable to the reported total
basal nephron resistance for this species. In contrast to the
circumstance in dog and man, GBF change with Rcap is relative-
ly slight.
Our analysis of glomerular dynamics in man has assumed a P
of 15 mm Hg as suggested by the wedged venous pressure
measurements of Munck [22]. More recently, Lowenstein et al
[27] and Willassen and Ofstad [28] have reported wedged
pressures in human kidney of some 20 and 25 mm Hg, respec-
tively. We do not know at present which of the three values is
most nearly correct. If, however, P in the human kidney is
assumed to be 25 mm Hg rather than the 15 mm Hg value used
here and by Smith [29], net filtration pressure at any selected
RA/RE ratio would be about 10 mm Hg lower than in Figure 1 at
the same setting for R1 and MAP. The minimal value for P
compatible with a SNGFR of 65 ni/mm then would be 57 mm Hg
and this, the model shows, requires an RA/RE ratio 0.66 (with
a Kf of 20 nI/mm mm Hg) rather than the ratio of 1.07 as found
at P1 = 15 mm Hg. Using this higher P1 value does not signifi-
cantly change P at any given RA/RE ratio although, quite
obviously, it impacts upon P and thus on SNGFR. Until the
limiting RA/RE ratio of 0.66 is closely approached, however, the
model shows that SNGFR at a given RA/RE ratio can be
restored to its basal value at P5 = 15 mm Hg by adjusting Kf
upward. A SNGFR of 65 nI/mm, for example, is reached with
an RA/RE ratio of 0.45 and a Kf of 3 nI/mm mm Hg when P1 is 15
mm Hg (Fig. I). This filtration rate is attained at P1 = 25 mm Hg
with the same RA/RE ratio if Kf is then raised to 6 nI/mm mm
Hg. Similarly, an RA/RE ratio of 0.6 requiring a Kf of 4 nI/mm
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Fig. 9. The effect on SNGFR and GBF produced by isolated change in
glomerular capillary resistance in dog, rat and man. The values for RAI
RE ratio and Kf illustrated for man were 0.60 and 6 ni/mm mm Hg,
respectively (values which provided a somewhat high basal SNGFR).
Parallel curves are obtained with assumed RA/RE ratios of 0.3 to 1 with
Kf adjusted to provide a normal SNGFR at basal value for RA/RE. The
patterns of response for man and dog are quite comparable and different
from those of the rat.
mm Hg at a P of 15 mm Hg provides our normal SNGFR and a
Kf of 10 nl/min mm Hg when P is 25 mm Hg. The model reveals
that the relationships illustrated in Figures 4 and 5 are duplicat-
ed closely after such Kf adjustments are made, although the
family of curves for change in RA is somewhat displaced to the
left along the abscissa and those for RE and P1 are moved to the
right. The degree of displacement (except with P1), however, is
of a magnitude that is barely discernible at the scale used in
Figure 6 comparing glomerular dynamics of the rat, dog, and
man. Thus, the interspecies differences shown in that figure are
affected minimally by our choice of P for man.
Discussion
According to present concepts, glomerular filtration is an
entirely passive process dependent on the net pressure differ-
ence across the capillary wall and the hydraulic conductivity of
this filtration barrier. In essence, therefore, glomerular filtra-
tion is regulated by the mean arterial blood pressure, effective
pre- and postglomerular resistances, hydraulic conductivity,
proximal tubular pressure, and serum protein concentration
with each factor interacting with all others in a complex fashion
[6].
The rat and dog have similar blood pressures and serum
protein concentrations, yet SNGFR in the rat is only half that of
the dog. Estimated SNGFR in man appears to approximate
closely that of the dog. Hydraulic conductivity of the rat
glomerulus is reported variously as similar to [12] or half [91that
of the dog. Arterial blood pressure in man is considerably lower
than that of the rat and dog, and the serum protein concentra-
tion is significantly higher (Table 1). Proximal tubule pressures
reportedly are some 11 [121, 15 [22], and 21 [141 mm Hg in rat,
man, and dog, respectively. Because distinct differences in the
determinants of filtration exist between the three species, we
initiated this study to examine the possible consequences of
such differences on the regulation of glomerular filtration.
There are no direct measurements of humans to indicate
whether or not glomerular dynamic parameters in man are
closer to those reported for the rat than for the dog. Indirect
estimates of glomerular capillary pressure and individual
glomerular vascular resistances in man, derived from static
models of whole kidney function [17—19], have been reviewed
by Smith [29], but we are not aware of a systematic analysis
using a more dynamic model applied to individual nephrons of
the human kidney. The report by Maddox, Deen, and Brenner
[30] on glomerular dynamics in the squirrel monkey represents
the only direct micropuncture study performed to date in a
primate. That study showed the existence of filtration pressure
equilibrium and revealed values for glomerular capillary and
postefferent arteriolar pressures that were very comparable to
those obtained for the rat in the same laboratory. Presumably,
therefore, pre- and postglomerular resistances are similar in the
two species. The low single nephron filtration fraction of the
squirrel monkey, relative to the rat, was attributed to a higher
serum protein concentration (essentially, that found in hu-
mans). The squirrel monkey, however, is a rodent-sized animal
and, although simian, not necessarily comparable in its glomer-
ular dynamics to man or other large primates.
Lambert et al [31], using a sophisticated mathematical analy-
sis of macromolecular sieving experiments, have deduced that
zP in normal man is 11.6 SEM 1.7 mm Hg. P was not
determined. This mean value would require a Pg of some 63.6
mmHgatP= 2smmHgand53.6atP1= l5mmHg.Byour
estimate, the corresponding RA/RE ratios would be approxi-
mately 0.45 and 0.75. Because the acceptable mean in any
series of measurements lies somewhere within 2 SEM of that
measured, it may be seen in Figure 1 that the RA/RE ratios
derived from those experiments will lie somewhere between 0.3
to 0.6 (P1 = 25 mm Hg) or 0.6 to 0.95 (P1 = 15 mm Hg).
Applying the model of Gomez [19] and the assumed values of
MAP, P, PROTA, HctA, and whole kidney GFR and RBF for
man used here, the late Homer Smith envisioned a Pg of 60 mm
Hg [29]: extrapolating from whole kidney values, this provides
a value for RA of 0.45 x 1O'° dyne sec cm5, RE (including
postefferent resistance as in this study) of 0.7 x 1010 dyne sec
cm5, and an RA/RE ratio of 0.64. We find, then, that Kf would
be 6 nI/mm mm Hg. Our similar estimated total nephron
vascular resistance of approximately 1.2 x i0 dyne sec cm5
for man is some one-fourth to one-fifth of that commonly
reported for the rat and one-half that of the dog. Whether
assuming a trivial fall in hydrostatic pressure along the capil-
lary's length or contemplating a relatively high glomerular
capillary resistance that produces an axial pressure drop of 4
mm Hg, the target basal SNGFR in man cannot be obtained
with an RA/RE ratio  1.1.
If one assumes a value for P of 25 mm Hg [281, the maximal
value for RA/RE in man is even lower —0.66. Micropuncture
measurements of pre- to total postglomerular resistances pro-
vide ratios of 1 for dogs and euvolemic rats and 1.5 to 2 for
hydropenic rats. A ratio near 1 in man (or a ratio of 0.66 if
P = 25 mm Hg) presupposes a minimum Kf some four to ten
times higher than those reported for the lower species. If, on the
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other hand, the Kf of the human glomerulus is assumed to equal
that of the rat and dog, one must envisage an RA/RE ratio in the
vicinity of 0.3 to 0.6. Regardless, it would appear that the
postglomerular vascular resistance in man is at least approxi-
mately equal to that of the preglomerular vasculature. and it
could be by far the larger resistance in the human kidney,
It has been suggested that filtration-induced increase in
colloid oncotic pressure along the capillary's length abolishes
net filtration pressure at or before the end of the glomerular
capillary of hydropenic Munich-Wistar rats [12] and that filtra-
tion can only be increased when augmented plasma flow limits
this rise in oncotic pressure ("plasma flow dependence" of
GFR). There can be no doubt that the rise in COP along a
glomerular capillary is influenced by the filtration fraction and
that GBF and SNGFR are related, as shown in Figure 7. That
figure reveals, however, that SNGFR decreases, rather than
increases, with GBF as RE is adjusted in all three species due to
the concomitant fall in P (Fig. 8). This is inconsistent with the
concept of plasma flow dependence. With solitary change in
RA, both GBF and Pg change concordantly (Fig. 8) and SNGFR
follows pan passu (Fig. 6). Recalling that the net filtration
pressure, P, at the afferent end of the capillary of the rat and
dog is only about 15 mm Hg (Table 1), however, the degree of
change in Pg (and thus P) induced by RA change far outshad-
ows the very minor additional change in COP associated with
altered blood flow. Only under the special circumstance where
GBF is modified by equal changes in RA and RE can changes in
SNGFR occur without concomitant and significant changes in
Pg. Plasma flow dependence of filtration thus could not be
established for any of the species examined here except under
that particular circumstance.
Whether one assumes a maximal putative RA/RE ratio of 1.07
or a lower RA/RE ratio and a Kf value more in keeping with
those of the rat and dog, the response of the human glomerulus
to isolated changes in the determinants of SNGFR is shown
here to be remarkably similar to that of the dog. The rat
glomerulus appears to behave quite differently when the inde-
pendent variables controlling filtration are perturbed. It does
not share the exquisite sensitivity to change in RA and P or to a
fall in RE displayed by the other two species; increases in RE
have only a very small effect. In contrast to the continuous and
substantial response to both increases and decreases in Kf
envisaged for man and dog, SNGFR in the rat glomerulus
increases little, if at all, as Kf is raised, and hydraulic conduc-
tivity must fall markedly in the rat before filtration becomes
reduced greatly. These and other interspecies differences
shown in Figures 6 to 9 might be of some importance in the day-
to-day regulation of glomerular filtration and in the response of
the glomerulus to pharmacologic manipulation or pathologic
conditions affecting unique elements of glomerular dynamics.
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